Algoriphagus marinus sp. nov., isolated from marine sediment and emended description of the genus Algoriphagus Ji-Ru Han, 1 Qing-Li Geng, 1 Feng-Qing Wang, 1 Zong-Jun Du 1,2, * and Guan-Jun Chen 1,2, * Abstract A Gram-stain-negative, facultatively anaerobic coccobacilli approximately 0.4-0.5Â0.5-1.1 µm, non-motile, orange-pigmented bacterial strain, designated am2 T , was isolated from the coastal area of Weihai, PR China (121 57¢ E, 37 29¢ N). The temperature, pH and NaCl ranges for growth were 4-40 C, pH 6.5-8.5 and 0.0-6.0 % (w/v) NaCl. The results of phylogenetic analyses based on 16S rRNA gene sequences revealed that am2
The genus Algoriphagus is a member of the family Cyclobacteriaceae in the phylum Bacteroidetes. The type species, Algoriphagus ratkowskyi, was first proposed by Bowman et al. [1] . Members of the genus Algoriphagus are Gramstain-negative, non-motile, aerobic bacteria and possess MK-7 as the predominant respiratory quinone. At the time of writing, members of the genus Algoriphagus have been isolated from various habitats such as seawater [2, 3] , a colonial choanoflagellate [4] ; mangrove sediment [5] , tidal flat sediment [6] [7] [8] and freshwater [9, 10] . In the course of screening bacteria with biotechnological potential from marine samples, a bacterial strain, designated as am2 T , was isolated from the coastal area of Weihai, PR China (121 57¢ E, 37 29¢ N). The purpose of the present study was to establish the taxonomic position of this bacterial strain by using a polyphasic approach that included the determination of phenotypic and chemotaxonomic properties, a detailed phylogenetic investigation, based on 16S rRNA gene sequences, and genetic analysis.
The marine sediment samples were spread on marine agar 2216 (MA; Becton Dickinson) and incubated at 25 C for up to 2 weeks. Strain am2
T formed circular (1-2 mm in diameter) convex, smooth, orange colonies with entire margins on MA medium after culture at 25 C for 7 days [11] . Subcultivation was performed routinely on MA at 33 C for 3 days under aerobic conditions and the strain was preserved at À80 C in sterile 1 % (w/v) saline supplemented with 15 % (v/v) glycerol. Type strains Algoriphagus boritolerans JCM 18970 T [obtained from the Japan Collection of Microorganisms (JCM)] and Algoriphagus ratkowskyi DSM 22686 T [obtained from the Leibniz-Institut Deutsche Sammlung von Mikroorganismen und Zellkulturen (DSMZ)] were used as reference strains which were cultured under the same conditions as am2 T , unless otherwise specified.
The phylogenetic position of am2 T was determined by 16S rRNA gene sequence analysis. The 16S rRNA gene sequence was amplified using oligonucleotide primers complementary to highly conserved regions of bacterial 16S rRNA genes. The forward primer was 27F and the reverse primer was 1492R [11] . The amplified gene was cloned into the pMD18-T vector (Takara) and recombinant plasmids were reproduced in Escherichia coli DH5a cells. Sequencing was performed by Invitrogen Biotechnology (Shanghai, PR China). Sequences were initially analysed using BLAST (https://www.ncbi.nlm.nih.gov; http://www.ezbiocloud.net), and from these search results, selected sequences were collected manually. Phylogenetic trees were reconstructed using the neighbour-joining, maximum-likelihood and maximum-parsimony methods in the computer program MEGA version 6.0 [12] . The robustness of the topology in the neighbour-joining phylogenetic tree was evaluated by bootstrap analyses based on 1000 resamplings [13] . A nearly full-length 16S rRNA gene sequence of am2 T , comprising 1488 bp, was determined in this study. Strain am2
T was most closely related to Algoriphagus boritolerans JCM 18970 T (96.4 % 16S rRNA gene sequence similarity). In a neighbour-joining phylogenetic tree based on 16S rRNA gene sequences, am2
T fell within a clade comprising species of the genus Algoriphagus (Fig. 1 
Algoriphagus faecimaris LYX05 T (GU072591)
Fontibacter ferrireducens SgZ-2 T among related taxa. The strain characterized in this study is shown in bold type. GenBank accession numbers of 16S rRNA gene sequences are given in parentheses. Numbers at nodes are bootstrap values (>70 %) based on a neighbour-joining analysis of 1000 resampled datasets. Filled circles indicate that the corresponding nodes were also recovered in maximum-likelihood and maximum-parsimony analyses. Open circles indicate that the corresponding nodes were also recovered in either the maximumlikelihood or the maximum-parsimony analysis. Cytophaga hutchinsonii ATCC 33406 T (M58768) was used as an outgroup. Bar, 0.02 substitutions per nucleotide position.
value is 318 562. All contigs were larger than 362 bp, the largest being 999 637 bp.
The Gram reaction was determined by using a Gram-stain kit (bioM erieux) according to the manufacturer's instructions. The presence of flagella on cells was tested by using flagella staining kits (Solarbio) checked with light microscopy. Cell morphology, size, and motility were examined by light microscopy (E600; Nikon) and scanning electron microscopy (Nova NanoSEM450; FEI) after growth on marine agar 2216 at 33 C for 3 days by the Analysis and Testing Centre for Physics, Chemistry and Materials, Shandong University. Gliding motility was assessed with the hanging-drop method, as described by Bernardet et al [14] . The optimal growth temperature was determined over the range 4-45 C (4, 10, 15, 20, 25, 28, 30, 33, 37, 40, 42 and 45 C) on MA in triplicate and was observed every 12 h over 7 days. The pH range for growth was determined in marine broth 2216 (MB; Becton Dickinson) medium that was adjusted to pH 4.5-9.5 (in increments of 0.5 pH units) by the addition of HCl or NaOH, with the addition of buffers [MES (pH 5.5 and 6.0), PIPES (pH 6.5 and 7.0), HEPES (pH 7.5 and 8.0), Tricine (pH 8.5) and CAPSO (pH 9.0 and 9.5) (Sangon)] at concentrations of 20 mM, and OD 600 values of the cultures were measured after incubation for 3 days at 33 C. Growth with 0.0-10.0 % (w/v) NaCl (at intervals of 0.5 % NaCl) was tested on MA medium using modified artificial seawater (1.80 % agar, 0.50 % peptone, 0.10 % yeast extract, 0.32 % MgSO 4 , 0.12 % CaCl 2 , 0.07 % KCl, 0.02 % NaHCO 3 ). Growth under anaerobic (10 % H 2 , 10 % CO 2 and 80 % N 2 ) and microaerobic (5 % O 2 , 10 % CO 2 and 85 % N 2 ) conditions were determined after incubation for 14 days in an anaerobic jar with or without 0.1 % (w/v) KNO 3 . Catalase, oxidase and lipase (Tweens 20, 40, 60 and 80) activities and hydrolysis of agar, starch and cellulose were tested according to the methods of Dong and Cai [15] . DNase activity was examined by using DNase test agar with methyl green (Hopebio) supplemented with 2.0 % NaCl. Antibiotic sensitivity was assessed as described by the Clinical and Laboratory Standards Institute [16] . Inoculated plates were incubated at 33 C for up to 4 days. Other phenotypic and enzymic characterizations of am2
T and reference strains were conducted using the API 20E and API 50CHB kits at 28 C for 5 days and the API ZYM kit at 28 C for 5 h. Utilization of carbon sources was tested using Biolog GEN III, according to the manufacturer's instructions (except for salinity, which was adjusted to 1.0 %).
Strain am2
T was susceptible to vancomycin (30 µg), rifampicin (5 µg), ampicillin (10 µg), acetylspiramycin (30 µg), Table 1 . Differential phenotypic characteristics of some closely related species of the genus Algoriphagus Strains: 1, am2 T (data from this study); 2, A. boritolerans JCM 18970 T [21] (data from this study except for DNA G+C content); 3, A. ratkowskyi DSM 22686
T [1] (data from this study except for DNA G+C content). +, Positive; À, negative. All strains are non-motile and positive for activities of alkaline phosphatase and a-chymotrypsin and acid production from cellobiose, D-galactose, D-glucose, maltose and D-mannose. All strains are negative for Gram-staining, hydrolysis of agar, nitrate reduction and activities of esterase (C4) and esterase lipase (C8). T were all coccobacilli (Fig. S1 , available in the online Supplementary Material). In addition, am2
T could be distinguished from A. boritolerans JCM 18970
T by the ability of the former to hydrolyse Tween 20 and Tween 80. Several differences were also found to be useful for distinguishing am2
T from reference species of the genus Algoriphagus, including negative oxidase activity. The detailed results of morphological, physiological and biochemical analyses are given in Table 1 and the species description.
Cell biomass for isoprenoid quinones analysis was obtained from cultivation for 3 days in MB medium at 33 C. Isoprenoid quinones were analysed as described by Tindall et al [17] , using HPLC [18] . The predominant isoprenoid quinone in am2
T , menaquinone-7 (MK-7), was the same as that found in members of the genus Algoriphagus with validly published names.
For the cellular fatty acid analysis, cells grown on MA plates for 3 days at 33 C were harvested and the fatty acids were extracted according to the standard protocol of MIDI (Sherlock Microbial Identification System, version 4.5). Fatty acids were methylated and analysed using a 6890 N gas chromatograph (Agilent) and identified using the TSBA40 database of the microbial identification system [19] . The cellular fatty acid profile of am2 T and those of A. boritolerans JCM 18970 T and A. ratkowskyi DSM 22686 T are shown in Table 2 . The major fatty acids detected in am2
T were iso-C 15 : 0 (34.9 %), iso-C 17 : 1 !9c (7.8 %) and iso-C 16 : 1 H (7.4 %), which are also the dominant fatty acids in the two reference strains. The novel strain could be differentiated from the reference species by the percentages of anteiso-C 15 : 0 and iso-C 16 : 1 H ( Table 2 ).
The polar lipids profile of am2 T was analysed using twodimensional TLC by the Identification Service of the Leibniz-Institut DSMZ-Deutsche Sammlung von Mikroorganismen und Zellkulturen, (Braunschweig, Germany). Total lipid material was detected using molybdatophosphoric acid and specific functional groups detected using spray reagents specific for defined functional groups according to the methods of Tindall et al. [17] . The polar lipid profile consisted of one phospholipid, phosphatidylethanolamine and six unidentified lipids (Fig. S2) .
On the basis of the results of 16S rRNA gene sequence analysis, phenotypic and chemotaxonomic features, it is concluded that am2
T represents a novel species within the genus Algoriphagus, for which the name Algoriphagus marinus sp. nov. is proposed. . All data were obtained in this study. Fatty acids amounting to less than 0.5 % of the total in all strains were not included. TR, Trace (<0.5 %); ND, not detected. As indicated by Montero-Calasanz et al. [22] summed features are groups of two or three fatty acids that are treated together for the purpose of evaluation in the MIDI system and include both peaks with discrete ECLs as well as those where the ECLs are not reported separately.
Fatty acid 1 2 3
Straight-chain fatty acids Main characteristics are as those given for the genus description by Bowman [1] and emended by Nedashkovskaya [20, 21] and Kang [7] . In addition, facultatively anaerobic species may also occur.
DESCRIPTION OF ALGORIPHAGUS MARINUS SP. NOV.
Algoriphagus marinus (ma.ri¢nus. L. masc. adj. marinus of the sea, marine).
Cells are Gram-stain-negative, facultatively anaerobic coccobacilli (0.4-0.5Â0.5-1.1 µm) and non-flagellated; gliding motility is not detected. On marine agar 2216, colonies are orange, smooth, convex, and circular (1-2 mm in diameter) after incubation for 3 days at 33 C. Growth occurs at 4-40 C (optimum, 33 C), with weak growth at 4 C. Growth occurs with 0.0 to 6.0 % NaCl (optimum, 1.0 % NaCl). The pH range for growth is pH 6.5-8. The type strain, am2
T (=KCTC 52549 T =MCCC 1H00178 T ), was isolated from the coastal area of Weihai, PR China (121 57¢ E, 37 29¢ N). The DNA G+C content of the type strain is 40.6 mol%. 
